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Abstract

Aim: Theaim of this studywasto investigatethe effectof aerobictrainingalongwith water

Parkinson'sliseas¢PD) mousemodel Methods: Forty maleWistarratswererandomlyassigng
into five groups:Sham(healthycontrol), PD, PD-aerobictraining, PD-Q10, and PD-combinel
intervention. PD was inducedby intracerebralinjection of 6-OHDA, and confirmé@ithfough
apomorphineesting. The aerobictraining regimenconsistedf four weeksof treadill ruging
(five days/week)includingtwo sessiongduration=15 min) eachdaywith 60 min réstiniéfval at
running speedof 15 metes/minute.200 mg/kg body weight of watersolubl@@10Qk€aline (as
vehicle)wasadministeredrally eachday. Motor coordinationwas assessetsing Rotatedtest
tissueBDNF expressiorevel wasmeasuredising ELISA andthe numBefeficontactnetironsin
sibstantianigra and also proportion of TH+ neuronscount in resgectt@i8ham group were
respectivelydeterminecby histologyandimmunohistologymethodisBatawerecomparedising
ANOVA and paired samplest-tests.Results: Motor coording@ienwaslower in‘@allRDsgroups
comparedto Shamgroup, with combinedinterventiongrdupEhowing Better perfofifancethan
both PD andQ10groups Althoughthenumberof healthyfigliténsn substafiimigrdwerehigher
in all interventiongroups comparedo the PD group, howeVveEitawassstill IoWler thanthe Sham
group,with the highestnumberobservedn the two Q10 suppl@fientedroups.The findings of

TH+ neuronsof substantianigra had a betweergroup proportionaldistiBution similar to the
number of contact neurons,with a siggifieant advantageonly obSekedin the combined
interventiongroup comparedo aerobiceXercisegioup. The expressiorofiissueBDNF protein
was higher in all integfention grogpsywith f@i8ignificant advantage@mong the groups.
Conclusion: Overallgespitemixedffiidihgs and theldek of availible evidence the combined
interventionappeaf$o beabetteroptionfafelinical applieationin PD patientswarrantingfurther
investigationin clinical trial§Bfhaddressin@tlititlimitatiohs explainedn this paper
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Extended abstract

Background

Parkinsonés di sease (PD) i s a progressive neurodegen
dopaminergic neurons in the substantia nigra pars compacta (SNpc) and disruption of their axonal projections along the
nigrostriatal pathway. Thiseuronal loss contributes to motor dysfunction through reduced dopamine release and
impaired activation of the motor cortex. Motor and smator symptoms, including tremors, bradykinesia, postural
instability, and cognitive impairments, significantly affpatients' quality of life. Although PD currently has no definitive

cure, physical activity, particularly regular aerobic exercise, has been shown to impgove motor coordination, cognitive

function, and medication efficacy. Braderived neurotrophic factdBDNF), which plalys a key role in dopaminergic

function, neuronal survival, and neuroplasticity, is typically reduced in PD pa ercise and antioxidant

and exert n ctive effects.

supplementatiod especially coenzyme Q10 (CoQd0fan upregulate BD
Recent studies have highlighted the limitations of conventional CoQ10 ility and have introduced
nanomicelle formulations as a promising delivery system. Howevenrgth ts of aerobic exercise-and water

soluble CoQ10 on BDNF expression, dopaminergic neuron dens

unexplored. Investigating this approach may provide inn j ts for futwehaomacological PD management
strategies.

Methodology

This experimental research employed a {8¥&n i a laboratory setting. After obtaining ethical approval
(IR.IAU.TABRIZ.REC.1403.578), 40 adult/ma i ) were randomly divided into five groups (n=8):

Sham, PD, PD+Aerobic raining, PD+Q10 nd PD+Combined Intervention. Parkinson's disease was

induced via stereotaxic injection of®H D A Y/ 2¢l) into the right medi al

was performed five days/we ice daily for 15 min). Watesoluble Coenzyme Q10 (200

considered statistically sig nt at p<0.05. This method allows for the evaluation of the individual and combined effects
ofaerobictai ni ng "and Q10 on neuroprotection, BDNF expressi ol
disease.

Results

Motor coordination was lower in all PD groups compared to Sham group, with combined intervention group showing
better performance than both PD and Q10 groups. Although the number of healthy neurons in substantia nigra were higher
in all intervention group compared to the PD group, however; it was still lower than the Sham group, with the highest
number observed in the two Q10 supplemented groups. The findings of TH+ neurons of substantia nigra had-a between

group proportional distribution similar to theimber of contact neurons, with a significant advantage only observed in
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the combined intervention group compared to aerobic exercise group. The expression of tissue BDNF protein was higher
in all intervention groups, with no significant advantage among the groups.

Discussion

This study demonstrated a significant loss of dopaminergic neurons in the substantia nigra of PD rats, supporting
successful Parkinson's model induction. Both Q10 supplementation and exercise promoted neurogenesis, with Q10
showing superior effects. Despitncreased total neuron counts in Qféated groups, TH+ neuron percentages only
returned to neacontrol levels, suggesting that new neurons may not yet be fully functionahte®eention (Q10 +

exercise) yielded the most pronounced neuroprotectittrotegh dopaminergic phenotype recovery was not proportional,
raising questions about TH expression mechanisms. Q10 may restore dopaminergic function in damaged neurons via

mitochondrial protection and oxidative stress reduction. BDNF expression inc across Q10 and exercise

advanced delivery systems like nanomicelles for effective absorption. i indings suggest both interventions

support neuron survival, neurogenesis, and dopamine regulation.

Conclusion
Both Q10 and exercise are beneficial in mitigatingreted ne ions igeombination offers synergistic
advantages in neuron survival and dopamine regulation. Idi ‘ lore delivery optimization for Q10 and

tailored exerciseagimens to maximize neurorestorativ

Copyright ©The authors Publisher: Azarbaijan Shahid MadasityJn



https://dx.doi.org/10.22049/jahssp.2023.28273.1543

JAH SS P http://jahssp.azaruniv.ac.ir/

http://dx.doi.org10.22049/JAHSSP.2023.28273.1543

Ce¥y CAABAEACA %t ColAWwopfE ¢! %zY%wi | w
JKa viw v
KKK w’ KKK

&) Open Access CEayA~ Adweéeu

Cowo BDNFAAW@A wav °@0 BT xj a%d 0o Ad % a A
OAEPCi BAUO CuléA;WaCopéw uUada y awcCA
'COEYVRY Wi A% E € &AQIZ Aw FEZASEEYE Y ¢

[[+** 1 5 C%eE WU~ JE&%®%wWE35¢aA

%z Qjo0 W TAA &
6°GAGEwWEai %3 B
gE OUWE ay
Py Kweéodv

%10 Wy ¥ Yow A 6-ODg v A 8 &

Y%l v GNerC AR Ey ¥ valiAzu$c Are Cévz  Ya y ¢
) © CuowijahsgpSzauwvdeil ¢ CA CA O @HUBRAYCEY %BA) ¢
& § €y A A/ GBACE § I gy , y Yo ¢ fElficewd vADNYLR:
Ys C A % 7EC BN b @ BS&C A ¢ oM

+ Ad Y BOBIEGIVEGLE Y sl . X ’
DEAV 1 VEAE ap@EFW ! ) \ D 0 AAG EY WAy WY § BDNRI Q
) Ovi B £ &V | =1 ABE  @WHEM Al & AVHA W

| CEcwy <AOY §.Cy° 3yonEC YaOyoWn ARG & AR Yiya/mAGvRpD dradd
AwoEyvE 1 ALK 0 EQR aBPp i a%l 0 ay %i yrb laly Ao
S#OAUAL : Awe e Awrdv EH A 6AWCA /A
I CE g : wid CUEYy %~ GwCz )°E a°cawEu
awoEy v A ¢ Ev wya y1¥yAi« VP& catyBan wy v ams/E e zZA
A xw, oyvCeal By ARAvAWE AAEARBOKE
CwAmétrtyo 0 U&dwn vy ChCowxwiwapi
Yo Ewz a° E

QIOBONF | ¢ ¢ v A& U ¢ ¥%BGCEL Aadi

I CE¢ %y =+A
awoEyvi | A¢
Ov %ev | A

GwCly° é uQIBz 6Xiji UYeld I/ ARG/ERES6 BN RIS & | BCVA ~| ¢ QARG ANDIveweadd ¢l a A"y
KIGK KIC ¢ %y ¢ AAS A ¢ ACRIEMSWEBCALD DB aAl 64 & WAE WIMHOWODNRA 4 0 ¢ & w2
K{KK #
Gw-8&wz %»| 5FEWY %CAR Cawa
-120€ERCyy %ol dv Ew
LGAso st OAY
DOI: 10.22049/JAHSSP.2023.28273.1543
Copyright ©The authors Publisher: Azarbaijan Shahid Madani University



https://dx.doi.org/10.22049/jahssp.2023.28273.1543
https://dx.doi.org/10.22049/jahssp.2023.28273.1543




